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Methods of formmg catheters are disclosed, together With 
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of: providing ?rst and second catheter tubes, a distal end of 

(21) Appl. No.: 12/244,559 the ?rst catheter tube extending a longitudinal length beyond 
a distal end of the second catheter tube, and attaching a How 

(22) Filed? Oct- 2’ 2008 diverting structure to an outside surface of the ?rst catheter 
. . tube between the distal ends of the ?rst and second catheter 
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MANUFACTURE OF FIXED TIP CATHETERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the priority of US. 
Provisional Application Ser. No. 61/029,051 ?led Feb. 15, 
2008 entitled “Manufacture of Fixed Tip Catheters,” Which is 
herein incorporated by reference in its entirety. This applica 
tion is also related to commonly oWned US. patent applica 
tion Ser. No. ?led concurrently hereWith entitled 
“Catheters With Enlarged Arterial Lumens” (Attorney 
Docket No. 101430-238), US. patent application Ser. No. 

?led concurrently hereWith entitled “Fusion Manu 
facture of Multi-Lumen Catheters” (Attorney Docket No. 
101430-236), and US. patent application Ser. No. 
?led concurrently hereWith entitled “Manufacture of Split Tip 
Catheters” (Attorney Docket No. 101430-234), each of 
Which are herein incorporated by reference in their entireties. 

BACKGROUND 

[0002] The present invention generally relates to catheters 
and preferably to multi-lumen catheters used for vascular 
access. 

[0003] Multi-lumen catheters are desirable for various 
treatment applications such as hemodialysis Where ?uid 
extraction and return occur simultaneously. Hemodialysis is 
the separation of metabolic Waste products and Water from the 
blood by ?ltration. Typically, a hemodialysis unit is con 
nected to a patient’s body by a catheter. The catheter’s distal 
end is placed in a blood vessel and its proximal end is con 
nected to a hemodialysis unit. 
[0004] During hemodialysis, a patient’s blood typically 
?oWs through a double lumen catheter to the hemodialysis 
unit Which provides ?ltration and controls the ?oW of blood. 
A double lumen catheter has tWo lumens that independently 
alloW ?uid extraction and return. For example, one lumen can 
be used for removing blood from a patient for processing in 
the hemodialysis machine and the other lumen can be used for 
subsequently returning the processed blood back to the 
patient’s circulatory system. Such catheters can also include 
additional lumens for ?ushing, administration of anticoagu 
lants or the like. 

[0005] Parameters that can be varied to achieve adequate 
hemodialysis include blood ?oW rate, dialysis solution ?oW 
rate, and dialyZer competency. Generally, raising the blood 
?oW rate increases dialysis e?iciency. HoWever, conditions 
such as access recirculation decrease ef?ciency. Access recir 
culation is the recirculation of treated blood back into the 
hemodialysis unit. Excess recirculation effectively reduces 
dialysis e?iciency and lengthens the duration of the treatment 
needed for adequate dialysis. Access recirculation can be 
particularly of concern When using a double lumen catheter 
due to the close proximity of the intake and out?oW ports at 
the distal tip of the catheter. 
[0006] Various double lumen catheter designs have been 
suggested for the purpose of reducing access recirculation. 
For example, in so-called “staggered, ?xed tip” designs, the 
distal ends of intake and out?oW lumens can be longitudinally 
spaced 20-30 mm apart to prevent recirculation. For example, 
TWardoWski et al. US. Pat. No. 5,569,182 discloses that the 
lumen for return of blood back into the vein should terminate 
beyond the extraction lumen. The purpose of this is to prevent 
cleansed blood, exiting from the outlet point of the catheter, 
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from re-entering the catheter’s blood inlet point and returning 
to the dialysis machine. HoWever, certain disadvantages have 
been noted by such large longitudinal spacing betWeen the 
distal ends of the respective lumens. For example, blood ?oW 
stagnation in the region of the blood vessel betWeen tWo 
Widely separated tips can lead to clot formation. 
[0007] In addition to longitudinal spacing of the distal 
openings of the lumens, others have suggested that the distal 
end of a multi-lumen catheter can be split such that the distal 
tip segments can independently move in the blood vessel to 
optimiZe the ?uid dynamics of the different functions (blood 
extraction and blood return). HoWever, split tip catheters can 
be more dif?cult to insert into a target blood vessel than ?xed 
tip designs. 
[0008] There exists a need for better staggered, ?xed tip 
catheter designs that can further reduce blood recirculation 
and/or loW stagnation While maintaining good ?oW rates and 
other physical and mechanical properties of the catheter, for 
instance tensile strength and kink-resistance, as Well as over 
all catheter dimensions small enough for insertion and proper 
physiological function. 
[0009] While various techniques are knoWn for manufac 
turing catheters, there exists a need for more e?icient and 
economical techniques, especially in manufacturing cath 
eters When the distal openings of the lumens are longitudi 
nally spaced or a different shape or geometry is desired for 
one or the other of the lumens or tip segments. 

SUMMARY OF THE INVENTION 

[0010] Methods of forming catheters are disclosed, 
together With methods of forming ?xed tip catheters. In one 
aspect of the invention, the manufacturing methods can 
include the steps of: providing ?rst and second catheter tubes, 
a distal end of the ?rst catheter tube extending a longitudinal 
length beyond a distal end of the second catheter tube, and 
attaching a ?oW diverting structure to an outside surface of the 
?rst catheter tube betWeen the distal ends of the ?rst and 
second catheter tubes. 
[0011] The ?oW diverting structure can be attached to the 
?rst catheter tube in a variety of Ways. For example, the 
diverting structure can be fused or glued to the ?rst catheter 
tube. 
[0012] The ?oW diverting structure can have a variety of 
shapes, siZes, and con?gurations. For example, the ?oW 
diverting structure can be oriented on the ?rst catheter tube to 
intersect a longitudinal axis of the second catheter tube. For 
another example, the ?oW diverting structure can have a 
diameter that does not exceed a diameter of the second cath 
eter tube. 

[0013] The ?oW diverting structure can be composed of a 
variety of materials. For example, the diverting structure can 
be composed of a material different than a material of the ?rst 
catheter tube, such as a material With a durometer that differs 
from that of the ?rst catheter tube. 
[0014] The ?rst and second catheter tubes can also have a 
variety of shapes, siZes, and con?gurations. For example, 
lumens of the ?rst and second inner catheter tubes each have 
double D-shaped con?gurations. For another example, the 
?rst and second inner catheter tubes have different cross 
sectional areas and/or different cross-sectional shapes. 
[0015] In some embodiments, the method can include 
forming at least one ?uid passage hole in a side of each of the 
catheter tubes. In another aspect, at least a portion of the ?rst 



US 2009/0205189 A1 

catheter tube can be coated With at least one agent selected 
from the group of antithrombotic agents, antibacterial agents, 
anti-in?ammatory agents. 
[001 6] In another aspect of the invention, a method of form 
ing a ?xed tip catheter is disclosed including the steps of: 
providing an elongate catheter body comprising at least a ?rst 
inner lumen and a second inner lumen extending longitudi 
nally through the catheter body, removing a distal portion of 
the catheter body to form a ?rst lumen tip segment such that 
the ?rst inner lumen extends longitudinally beyond a distal 
end of the second inner lumen, and attaching a ?oW diverting 
structure to an outside surface of the ?rst lumen tip segment. 
[0017] The ?oW diverting structure can be attached to the 
?rst lumen tip segment in a variety of Ways. For example, the 
diverting structure can be fused or glued to the ?rst lumen tip 
segment. 
[0018] The ?oW diverting structure can have a variety of 
shapes, siZes, and con?gurations. For example, the ?oW 
diverting structure can be attached on the ?rst lumen tip 
segment a distance from the distal end of the second inner 
lumen. For another example, the ?oW diverting structure can 
be oriented on the outside surface of the ?rst lumen to inter 
sect a longitudinal axis of the second inner lumen. 
[0019] A distal portion of the catheter body can be removed 
in a variety of Ways, such as by partially slicing the catheter 
body in a non-perpendicular direction With respect to a lon 
gitudinal axis of the catheter body. In some embodiments, 
removing the distal portion of the catheter body includes 
truncating the catheter body at a truncation point such that at 
least a portion of the septum is retained by the ?rst lumen tip 
segment. 
[0020] In still another aspect of the invention, a method of 
forming a ?xed tip catheter is disclosed including the steps of: 
splitting a distal end of a catheter body having tWo or more 
lumens at a septum dividing tWo of the lumens to isolate a ?rst 
distal end lumen tube, truncating the catheter body such that 
the ?rst distal end lumen tube is formed and has a length that 
extends beyond a truncation point, and attaching at a distance 
beyond the truncation point a ?oW diverting structure to at 
least a portion of the septum retained on the ?rst distal end 
lumen tube. In some embodiments, the method further 
includes truncating the distal end of the catheter body to 
isolate a third lumen. 

[0021] In yet another aspect of the invention, a method of 
forming a ?xed tip catheter is disclosed including the steps of: 
removing a partial length of a tube included in a catheter body 
to expose a septum betWeen the tube and another tube 
included in the catheter body, Wherein each tube de?nes a 
separate ?uid pathWay extending longitudinally through the 
catheter body, and attaching a ?oW diverting structure to the 
septum such that the ?oW diverting structure is con?gured to 
divert ?uid ?oWing through the pathWay of the tube that Was 
partially removed. The tubes can have the same or different 
cross-sectional areas. 

[0022] The ?oW diverting structure can be attached to the 
septum in a variety of Ways and in a variety of con?gurations. 
For example, the ?oW diverting structure can be attached a 
distance from a distal end of the tube that Was partially 
removed. For another example, the ?oW diverting structure 
can be oriented on the septum to intersect a longitudinal axis 
of the ?uid pathWay of the tube that Was partially removed. 
[0023] In still another aspect of the invention, a method of 
forming a ?xed tip catheter is disclosed including the steps of: 
providing a ?rst catheter tube having a substantially D-shaped 
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cross-section and a second catheter tube having a substan 
tially D-shaped cross-section, attaching at least a portion of 
longitudinal lengths of the ?rst catheter tube and the second 
catheter tube along ?at surfaces of the ?rst catheter tube and 
the second catheter tube to form a dual lumen catheter assem 
bly such that the ?rst catheter tube extends longitudinally 
beyond the second catheter tube, and attaching a ?oW divert 
ing structure to a portion of the ?at surface of the ?rst catheter 
tube that extends longitudinally beyond the second catheter 
tube. 
[0024] The ?oW diverting structure can be attached to the 
?rst catheter tube in a variety of Ways and in a variety of 
con?gurations. For example, the ?oW diverting structure can 
be attached a distance from a distal end of the second catheter 
tube. For another example, the ?oW diverting structure can be 
oriented on the ?rst catheter tube to intersect a longitudinal 
axis of the second catheter tube. 
[0025] Attaching a portion of longitudinal lengths of the 
?rst and second catheter tubes can be performed in a variety 
of Ways. For example, the ?rst and second catheter tubes can 
be heat bonded and/or adhesive or chemical reaction bonded. 
In some embodiments, the tubes can be fused together along 
at least about 70% of the longitudinal length of at least one of 
the tubes. 
[0026] In some embodiments, the method includes remov 
ing a portion of the assembly to form a ?rst lumen tip segment 
such that the ?rst catheter tube extends longitudinally beyond 
the second catheter tube. In another aspect, the method can 
include fusing together tWo tubes of different longitudinal 
lengths such that the ?rst catheter tube extends longitudinally 
beyond the second catheter tube. In another aspect, the 
method can include encasing the assembly to smoothen any 
irregularities along the attached portion of the longitudinal 
lengths. 
[0027] In still another aspect of the invention, a method of 
forming a ?xed tip catheter is disclosed including the steps of: 
providing ?rst and second catheter tubes each having a cross 
section including at least one substantially ?at-sided surface, 
attaching at least a portion of the substantially ?at-sided sur 
faces together to form a catheter assembly such that a distal 
portion of the ?rst catheter tube extends beyond a distal 
portion of the second catheter tube When their substantially 
?at-sided surfaces are attached, and attaching a ?oW diverting 
structure to a portion of the substantially ?at-sided surface of 
the distal portion of the ?rst catheter tube. 
[0028] The ?oW diverting structure can be attached to the 
?rst catheter tube in a variety of Ways and in a variety of 
con?gurations. For example, the ?oW diverting structure can 
be attached a distance from a distal end of the second catheter 
tube. For another example, the ?oW diverting structure can be 
oriented on the ?rst catheter tube to intersect a longitudinal 
axis of the second catheter tube. 
[0029] Attaching a portion of the substantially ?at-sided 
surfaces together can be performed in a variety of Ways. For 
example, the ?rst and second catheter tubes can be heat 
bonded and/ or adhesive or chemical reaction bonded. 

[0030] In some embodiments, the method can further 
include encasing the catheter assembly to smoothen any 
irregularities along the attached surfaces. 
[0031] In still another aspect of the invention, a method of 
forming a ?xed tip catheter is disclosed including the steps of: 
attaching tWo tubes together along at least a portion of sub 
stantially ?at surfaces of respective longitudinal lengths of 
the tubes, orienting the tubes such that a distal portion of one 
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tube extends longitudinally beyond a distal portion of the 
other tube, and attaching a How diverting structure to an 
outside surface of the distal portion of the tube that extends 
longitudinally beyond the distal portion of the other tube. 
[0032] The tWo tubes can be attached together in a variety 
of Ways. For example, the tubes cab be attached along sub 
stantially planar edges of respective D-shaped cross-sections 
of the tubes. In some embodiments, the tubes can be fused 
together along at least about 70% of the longitudinal length of 
at least one of the tubes. 

[0033] In some embodiments, the method can further 
include alloWing proximal portions of the tubes to remain 
unattached from each other. In other aspects, the method can 
include fusing together tWo tubes of different longitudinal 
lengths such that the distal portion of one tube extends lon 
gitudinally beyond the distal portion of the other tube. 
[0034] Other advantages and features Will become apparent 
from the folloWing description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The invention Will be more fully understood from 
the folloWing detailed description taken in conjunction With 
the accompanying draWings, in Which like reference numer 
als designate like parts throughout the ?gures, and Wherein: 
[0036] FIG. 1 is a schematic vieW of tWo tubes and a How 
diverting structure in an initial, unattached con?guration; 
[0037] FIG. 2 is a schematic vieW of an embodiment of the 
present invention showing a multi-lumen catheter having a 
How diverting structure attached thereto; 
[0038] FIG. 3 is a schematic vieW of another embodiment 
of the present invention shoWing a multi-lumen catheter hav 
ing a split tip proximal end; 
[0039] FIG. 4 is a partial cutaWay, side vieW of another 
embodiment of the present invention shoWing a multi-lumen 
catheter having a How diverting structure attached thereto; 
[0040] FIG. 5 is a top vieW of the multi-lumen catheter of 
FIG. 4; 
[0041] FIG. 6 is a schematic vieW of an embodiment of the 
present invention shoWing a catheter including differently 
shaped lumens; 
[0042] FIG. 7 is a cross-section vieW of an embodiment of 
the present invention shoWing a catheter construction utiliZ 
ing opposed D-shaped lumens; 
[0043] FIG. 8 is a cross-section vieW of a variation of the 
embodiment of FIG. 7 shoWing opposed D-shaped lumens of 
different cross-sectional areas; 
[0044] FIG. 9 is a cross-section vieW of an embodiment of 
the present invention shoWing a catheter construction With 
tWo individual circular lumens; 
[0045] FIG. 10 is a cross-section vieW ofan embodiment of 
the present invention shoWing an oval-shaped catheter con 
struction; 
[0046] FIG. 11 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction With 
three lumens; 
[0047] FIG. 12 is a cross-section vieW of a variation of 
another embodiment of the present invention shoWing a cath 
eter construction With three lumens; 
[0048] FIG. 13 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction utiliZ 
ing a D-shaped lumen and a D-shaped ?oW diverting struc 
ture; 
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[0049] FIG. 14 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction With a 
circular lumen and a D-shaped ?oW diverting structure; 
[0050] FIG. 15 is a cross-section vieW ofan embodiment of 
the present invention shoWing a variation of a catheter con 
struction With a circular lumen and a D-shaped ?oW diverting 
structure; 
[0051] FIG. 16 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction With 
tWo lumens and a How diverting structure; 
[0052] FIG. 17 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction utiliZ 
ing tWo D-shaped lumens and a D-shaped ?oW diverting 
structure; 
[0053] FIG. 18 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction With a 
circular lumen and an arced ?oW diverting structure; 
[0054] FIG. 19 is a schematic vieW of tWo tubes in an initial, 
unattached con?guration; 
[0055] FIG. 20 is a schematic vieW of an embodiment of the 
present invention shoWing a multi-lumen catheter having 
staggered ends; 
[0056] FIG. 21 is a schematic, partially cutaWay, side vieW 
of a catheter according to the present invention; 
[0057] FIG. 22 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction formed 
from opposed D-shaped lumen bodies inside an outer sheath; 
[0058] FIG. 23 is a cross-section vieW ofan embodiment of 
the present invention shoWing a catheter construction formed 
from tWo individual tubes With circular lumens inside an 
outer sheath; 
[0059] FIG. 24 is a schematic, perspective vieW of tWo 
lumen tubes in an initial, pre-trimmed con?guration; 
[0060] FIG. 25 is a schematic, perspective vieW of an 
embodiment of the present invention shoWing tWo lumen 
tubes and a How diverting structure attached to one of the 

tubes; 
[0061] FIG. 26 is a schematic, perspective vieW of a varia 
tion of an embodiment of the present invention shoWing tWo 
lumen tubes and a How diverting structure attached to one of 
the tubes; 
[0062] FIG. 27 is a schematic, perspective vieW of a varia 
tion of tWo lumen tubes in an initial, pre-trimmed con?gura 
tion; 
[0063] FIG. 28 is a schematic, perspective vieW of a varia 
tion of an embodiment of the present invention shoWing tWo 
lumen tubes and a How diverting structure attached to one of 
the tubes; 
[0064] FIG. 29 is a schematic, perspective vieW of a cath 
eter in an initial, pre-trimmed con?guration; 
[0065] FIG. 30 is a schematic, perspective vieW of another 
catheter in an initial, pre-trimmed con?guration; 
[0066] FIG. 31 is a cross-section vieW ofa catheter assem 
bly including three lumens; and 
[0067] FIG. 32 is a cross-section vieW ofa variation of an 
embodiment of the present invention shoWing a multi-lumen 
catheter having a How diverting structure attached thereto. 

DETAILED DESCRIPTION 

[0068] FIG. 1 shoWs ?rst and second catheter tubes or bod 
ies 104a, 1041) (collectively, the tubes or bodies 104) and a 
How diverting structure 112 in an initial, unattached con?gu 
ration (e. g., prior to the diverting structure’s attachment to one 
of the tubes 104). The tubes 104 include respective inner 
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lumen pathways 106a, 1061) (collectively, the pathways 106) 
extending longitudinally through the tubes 104 for, e.g., the 
extraction or return of blood or other bodily ?uids. The ?rst 
tube 104a (also referred to as “the longer tube 104a”) includes 
a distal tip portion 102 having a distal end 10811 that extends 
a longitudinal length L beyond a distal end 1081) of the second 
tube 104!) (also referred to as “the shorter tube 10419”). The 
distal ends 108a, 1081) (collectively, the distal ends 108) of the 
lumens 104 canbe open to provide ?uid passageWays through 
the pathWays 106, e.g., for blood removal and return. Each of 
the tubes 104 in this illustrated embodiment has a substan 
tially D-shaped cross-section and at least one substantially 
?at surface (e.g., facing or contacting surfaces 110a, 1101) 
(collectively, the facing or contacting surfaces 110)). The 
tubes 104 can, hoWever, have different cross-sectional 
shapes. Although the tubes 104 are shoWn having equal 
Widths W and equal diameters or heights H, the tubes 104 can 
have different Widths and/ or different diameters. 

[0069] The diverting structure 112 can have any shape and 
siZe. The diverting structure 112 is shoWn having a Width W2 
that equals the Width W of the tubes 104, but the diverting 
structure’s Width W2 can be greater than, less than, or equal to 
the Width of either or both the tubes 104. Similarly, the divert 
ing structure 112 is shoWn having a diameter or height H2 that 
equals the diameter H of the tubes 104, but the diverting 
structure’s diameter H2 can be greater than, less than, or equal 
to the diameter of either or both the tubes 104. The diameter 
H2 of the diverting structure 112 can vary along a length L2 
of the diverting structure 112 and/or along the Width W2 of 
the diverting structure 112, e.g., if the diverting structure 112 
has a non-perpendicular edge at either or both of its proximal 
and distal ends 114, 116, has a D-shaped cross-sectional 
shape (as shoWn in FIG. 1), includes one or more depressions 
and/ or one or more protrusions anyWhere on its surface, etc. 
Whether the diameter H2 of the diverting structure 112 varies 
or remains constant along the length L2 and/ or the Width W2, 
a maximum value of the diameter H2 can be equal to or less 
than the diameter H of the shorter tube 104b, a con?guration 
that can alloW for easier insertion of the tubes 104 and the 
diverting structure 112 into the body When the diverting struc 
ture 112 has been attached to the longer tube 104a because the 
diverting structure 112 does not exceed the height H of the 
shorter tube 10419. As mentioned above, the diverting struc 
ture 112 as shoWn has a D-shaped cross-section having a 
constant area along the length L2 of the diverting structure 
112, but the diverting structure 112 can have any cross-sec 
tional shape, and its cross-sectional shape can change along 
its longitudinal length L2. The diverting structure 112 can be 
solid or include one or more holloW cavities. Moreover, the 
diverting structure 112 can have a smooth outside surface, a 
textured outside surface, or a combination of both. 

[0070] In FIG. 2, an embodiment of a ?xed tip catheter 
assembly 100 includes the tubes 104 and the diverting struc 
ture 112 of FIG. 1, With the diverting structure 112 having 
been attached to one of the tubes 104. (As used throughout, 
“the catheter assembly” and its components refers to the 
various embodiments of the present invention.) The catheter 
assembly 100 is typically a very ?exible silicone, polyure 
thane, or other biocompatible composition (e.g., having a 
stiffness in the range of about 65 to about 85 durometer), and 
can be fabricated into any type of catheter (e.g., a hemodialy 
sis catheter or a central venous catheter). 

[0071] The ?oW diverting structure 112 has been attached 
to an outside surface of the longer tube 104a betWeen the 
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tubes’ distal ends 108a, 108b, e.g., on the longer tube’s facing 
surface 11011 in the distal tip portion 102. Examples of the 
diverting structure 112 are disclosed in Siegel, Jr. et al. U.S. 
Pat. No. 6,409,700. The diverting structure 112 can be 
attached anyWhere on the longer tube 104a such that the 
diverting structure 112 is oriented to divert ?uid ?oWing out 
of the pathWay 10611 at the distal end 10811 of the longer tube 
104a aWay from the pathWay 10619 at the distal end 1081) of 
the shorter tube 10819. For example, the diverting structure 
112 can be attached on the facing surface 11011 of the longer 
tube 10411 to intersect a longitudinal axis A of the shorter 
lumen tube 10419. In this Way, the diverting structure 112 can 
at least partially obscure a predicted path of ?uid ?oWing into 
the distal end 1081) of the shorter lumen 10419. The diverting 
structure 112 is typically attached so its proximal end 114 is 
a distance D (see FIGS. 2 and 4) from the distal end 1081) of 
the shorter tube 104!) so as to provide adequate space for ?uid 
to ?oW into the shorter tube 10419. The distance D can have 
any positive value less than the length L betWeen the distal 
ends 108 of the tubes 104. The length L can be in the range of 
about 0.5-3 inches, Which is a preferable, but only an 
example, length of the distal tip portion 102. 
[0072] The diverting structure 112 can be attached to the 
longer tube 10411 in a variety of Ways. For example, in one 
embodiment, the diverting structure 112 can be fused to the 
longer tube 104a along at least a portion of a substantially ?at 
surface (e. g., a facing or contacting surface 118) of the divert 
ing structure 112 and along at least a portion of an outside 
surface of the longer tube 104a (e.g., on the facing surface 
110a along a portion of the length L). Any fusion technique 
can be used, e.g., thermal fusion Where elements to be joined 
(here, facing surfaces 11011, 118 of the longer tube 104a and 
the diverting structure 112, respectively) are heated along any 
or all portions of their perimeters or other areas to a desired 
temperature and fused together by application of a desired 
force and alloWing them to melt/cool together. In another 
example embodiment, the diverting structure 112 and the 
longer tube 104a can be attached together using a gluing 
technique, e.g., applying a bonding material such as an adhe 
sive to one or more of the elements to be bonded and, if 
necessary, heating the bonding material to bond it to the 
elements. In some embodiments, the catheter assembly 100 
can be formed using any combination of heat fusion and 
gluing techniques. 
[0073] The diverting structure 112 can be made of any 
biocompatible material Which alloWs it to maintain structural 
integrity When in contact With ?oWing ?uid, such as When 
inserted in a blood vessel during hemodialysis. The diverting 
structure’s material can be the same as or different from that 
of the longer tube 104a. Using a different material for the 
diverting structure 112 (e. g., a harder material having a higher 
durometer) can help create a more predictable ?uid ?oW path 
by reducing chances of the diverting structure 112 ?exing, 
bending, or otherWise distorting When being inserted into a 
?uid ?oW path (e.g., a blood vessel) and When ?uid ?oWs 
against the diverting structure 112. 
[0074] The tubes 104 can be made of any biocompatible 
material (same as or different from the material of the divert 
ing structure 112), including any material Which alloWs the 
distal tip portion 102 of the longer tube 10411 to be ?exible and 
facilitate hemodialysis. The pathWays 106 are preferably 
siZed to alloW the carrying of blood to and from a hemodialy 
sis unit, although the pathWays 106 can be any siZe, and the 
catheter assembly 100 can be used in any application. Fur 
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thermore, although the pathways 106 are shown as having 
equal cross-sectional areas in the embodiment illustrated in 
FIG. 2, the pathways 106 can have different cross-sectional 
areas. 

[0075] A proximal portion 120 of the catheter assembly 
100 has a ?xed tip where proximal ends 122a, 1221) (collec 
tively, the proximal ends 122) of the ?rst and second tubes 
104, respectively, are ?xed together. However, as shown in 
FIG. 3, the proximal portion 120 can include a split tip in 
which the tubes 104 separate into two proximal lumen tip 
segments, 124a, 1241) (collectively, the proximal lumen tips 
118). The proximal ends 122 of the tubes 104 can be open to 
provide ?uid passageways through the pathways 106, e.g., for 
blood removal and return. 

[0076] The distal ends 108 of the tubes 104 can each have 
any angle (x1, (X2 with respect to the transverse axes A2 of the 
tubes 104. The values of the angles (x1, (X2 can be the same or 
different. In the embodiment illustrated in FIG. 4, the longer 
tube 10411 has an angle (X1 equal to forty-?ve degrees, while 
the shorter tube 10411 has an angle (X2 equal to ?fteen degrees. 
If the tubes 104 have beveled edges (e.g., if the angles (x1, (X2 
are each above Zero degrees but less than ninety degrees), the 
tubes 104 can be easier to insert into a body lumen. 

[0077] As shown in FIGS. 4 and 5, the ?rst and second 
tubes 104a, 1041) can optionally each include ?rst and second 
holes 126a, 1261) (collectively, the holes 126) in their respec 
tive surfaces and in communication with their respective 
pathways 106a, 1061). Although only one hole 126 is shown in 
each of the tubes 104, the tubes 104 can each include one or 
more holes 126 (if the tubes 104 include any at all). When the 
catheter assembly 100 is in use, the holes 126 can help relieve 
pressure and reduce clogging in the pathways 106. The holes 
126 can also aid in inserting the catheter assembly 100 into a 
body lumen using a guidewire. A guidewire can be threaded 
into the ?rst tube’s pathway 10611 at the distal end 108a, out of 
the ?rst tube 10411 through the ?rst hole 126a, and into the 
second tube’s pathway 10619 through the second hole 1261). 
So threaded in the tubes 104, the catheter assembly 100 can be 
inserted over the guidewire into a body lumen. 

[0078] The tubes 104 can have a variety of cross-sectional 
shapes and siZes but preferably, as shown in the embodiments 
of FIGS. 2 and 4, the catheter assembly 100 has a substan 
tially elliptical (circular or oval) shape and the tubes 104 are 
each substantially D-shaped. Similarly, in the embodiments 
of FIGS. 4 and 5, the catheter assembly 100 has a substan 
tially elliptical (circular or oval) shape and the tubes 104 are 
each substantially circular. However, one or both of the tubes 
104 can transition from one shape to another along at least a 
portion of its length, e.g., transition from a D-shaped cross 
section to a circular cross-section. For example, as shown in 
FIGS. 4 and 5, the longer tube 10411 has a D-shaped cross 
section and D-shaped pathway 106a except in a distal portion 
128 which has a circular-shaped cross-section and a circular 
shaped pathway 106a. Having a circular-shaped distal por 
tion with a rounded end, as shown, can allow for easier inser 
tion of the longer tube 104a into a body lumen. The distal 
portion 128 can be a lumen tip segment that has been joined 
to the longer tube 104a such that the pathway of the longer 
tube 1 04a is in communication with the pathway of the lumen 
tip segment, thereby forming a single pathway 10611 through 
the longer tube 104a and the distal portion’s lumen tip seg 
ment. The lumen tip segment can be joined to the longer tube 
10411 in a variety of ways. For example, the lumen tip segment 
can be fused and/or bonded to the longer tube 10411. Any 
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fusion technique and/ or bonding technique can be used, such 
as those described above. In some embodiments, the lumen 
tip segment can be attached in such a way as to provide a 
gradual transition between the luminal walls of the longer 
tube 104a and the luminal walls of the lumen tip segment, for 
instance via the insertion of a mandrel and the application of 
heat. The lumen tip segment can also be formed from part of 
the longer tube 104a itself. 
[0079] Each of the tubes 104 can have a cross-sectional 
shape, siZe, or area that can be the same or distinct from the 
catheter assembly 100 and/or the other tube. One embodi 
ment of the catheter assembly 100 where the tubes 104 have 
different cross-sectional shapes is shown in FIG. 6, with the 
shorter tube 104!) having a D-shaped cross-section and a 
D-shaped pathway 10619 and the longer tube 104a having a 
substantially circular cross-section and a circular-shaped 
pathway 10611. A substantially ?at-sided surface of the 
shorter, D-shaped tube 104!) can be attached to a substantially 
?at, tangential surface of the longer, substantially circular 
tube 10411, as discussed further below. Examples of c1-c1 
cross-sections (see FIGS. 2 and 4) are illustrated in FIGS. 
7-12. 

[0080] FIG. 7 shows a c1-c1 cross-section view of an 
embodiment showing a construction utiliZing opposed 
D-shaped tubes 104 having substantially the same siZe of 
pathways 106. FIG. 8 is a c1-c1 cross-section view of another 
embodiment showing opposed D-shaped tubes 104 where 
one pathway 10611 is of a smaller siZe (e.g., smaller cross 
sectional area) than the other pathway 106b. Either of the 
pathways 106 can have a larger cross-sectional area than the 
other pathway, but the larger pathway is typically in the 
shorter, arterial lumen 1041) because that is the one of the 
tubes 104 more prone to clogging in a hemodialysis setting, 
and a larger siZe pathway 1061) can help reduce clogging. 
FIG. 9 is a c1-c1 cross-section view of an embodiment show 
ing an elliptical construction utiliZing individual, elliptical 
lumen pathways 106. FIG. 10 is a c1-c1 cross-section view of 
another embodiment showing another elliptical construction 
including two elliptical-shaped pathways 106 in the tubes 
104. FIG. 11 is a cross-section view of an embodiment show 
ing three tubes 104, at least one of which (here, tube 1040) 
having a different siZe and/or shape from at least one other 
tube (here, tubes 104a, 1041)). FIG. 12 is a cross-section view 
of a variation of an embodiment showing three tubes 104 
having pathways 106 of substantially the same siZe and 
shape, although they can have any same or different siZes and 
shapes. 
[0081] Examples of c2-c2 cross-sections (see FIGS. 2 and 
4) are illustrated in FIGS. 13-18. FIG. 13 shows a c2-c2 
cross-section view of an embodiment showing a construction 
having a D-shaped tube 104a and a D-shaped diverting struc 
ture 112 having substantially the same cross-sectional area as 
the longer lumen 104a. FIG. 14 is a c2-c2 cross-section view 
of an embodiment showing an elliptical construction utiliZing 
a D-shaped diverting structure 112 and a D-shaped tube 104a 
having an individual, elliptical lumen pathway 106a. FIG. 15 
is a c2-c2 cross-section view of another embodiment showing 
another elliptical construction including a D-shaped diverting 
structure 112 and an elliptical-shaped pathway 10611 in the 
tubes 104a. FIG. 16 is a c2-c2 cross-section view ofa varia 
tion of an embodiment showing three tubes 104 where two of 
the tubes 104a, 1041) and the diverting structure 112 are each 
substantially the same siZe and shape, although they can have 
any same or different siZes and shapes. FIG. 17 is a c2-c2 
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cross-section vieW of an embodiment showing a construction 
having D-shaped tubes 104 and a D-shaped diverting struc 
ture 112 having smaller diameter and a smaller cross-sec 
tional area than the shorter lumen 1041). FIG. 18 shoWs 
another vieW of a c2-c2 cross-section of an embodiment 
shoWing a construction having a circular-shaped longer tube 
104a and pathWay 106a and a crescent-shaped diverting 
structure 112 curved around the outside surface of the longer 
tube 104a. 

[0082] Although the examples of c2-c2 cross-sections in 
FIGS. 13-18 shoW the diverting structure 112 as solid, as 
mentioned above the diverting structure 112 can include one 
or more holloW portions. In such a case, the catheter assem 
bly’s c2-c2 cross section could be, for example, as shoWn in 
FIGS. 7-12. As also mentioned above, the diverting structure 
112 can have a variable diameter (as measured betWeen an 
outside surface of the diverting structure 112 to the contacting 
surface 110 of the lumen 104 to Which it is attached) along its 
longitudinal length and/ or Width, in Which case its cross sec 
tion can vary in siZe and/or shape along its longitudinal length 
and/ or Width. 

[0083] Prior to the distal ends 108 of the catheter assembly 
100 being inserted into a blood vessel, any or all portions of 
the tubes 104 can be coated With at least one agent, such as an 
antithrombotic agent, an antibacterial agent, and an anti-in 
?ammatory agent. By Way of non-limiting example, anti 
thrombotic agents such as heparin and hirudin, citrate, anti 
thrombin-heparin complex, and albumin heparin complex as 
Well as anti-infective agents such as chlorohexidine, silver, 
antibiotics, and antiseptic agents can be used. The agent can 
be applied along the tubes 104 as a continuous coating or as a 
coating in discrete spots or regions. The spots or regions can 
vary in number, siZe, and distance from one another. 
[0084] The catheter assembly 100 can be formed in a vari 
ety of Ways. Additional information on catheters and manu 
facturing techniques can be found in commonly-oWned, co 
pending U.S. patent application Ser. No. ?led entitled 
“Fusion Manufacture of Multi-Lumen Catheters” and Us. 
Patent Application Ser. No. 60/980,633 ?led Oct. 17, 2007 
entitled “Manufacture Of Split Tip Catheters,” Which are 
hereby incorporated by reference in their entirety. 
[0085] FIG. 19 shoWs one embodiment of the tubes 104 in 
an initial, unattached con?guration (e.g., prior to their attach 
ment to each other). Although the tubes 104 are shoWn having 
equal longitudinal lengths L2 and equal heights H, as men 
tioned above, the tubes 104 can have different longitudinal 
lengths and/ or different heights. FIG. 20 illustrates the tubes 
104 of FIG. 19, Which have been attached together in a stag 
gered, step con?guration such that the distal end 10811 of one 
of the tubes 104a extends the length L beyond the distal end 
1081) of the other tube 10419. By non-limiting example, the 
tubes 104 can be aligned While hot so at least one ofthe tubes 
104 longitudinally extends beyond the other at the distal 
and/ or proximal portions 130, 120 and can bond together in 
such a formation as they cool. Correspondingly, because the 
tubes 104 began in the initial, unattached con?guration hav 
ing equal longitudinal lengths L2, the proximal end 1221) of 
the other tube 104!) extends the length L beyond the proximal 
end 12211 of the tube 10411. If the tubes 104 in the initial, 
unattached con?guration have different lengths, the tubes 1 04 
can be attached together (by attaching the entire longitudinal 
length of the shorter tube 104!) to the longer tube 104a) such 
that the proximal ends 122 are aligned, as illustrated in FIG. 
2. 
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[0086] An outer sheath can be added to at least a portion of 
the attached tubes 104, as discussed further beloW, and/or 
access ports can be added to the tubes 104 at the proximal 
portion 120. The access ports can include couplings, such as 
Luer-locks or the like, to couple the proximal portion 120 to 
a hemodialysis machine in Which blood is circulated and 
puri?ed. 
[0087] The tubes 104 can be attached together in a variety 
of Ways. For example, in one embodiment, the tubes 104 can 
be fused along at least a portion of their longitudinal lengths 
along substantially ?at surfaces such as the contacting sur 
faces 10 of the tubes 104. Any fusion technique can be used, 
e.g., thermal fusion Where elements to be joined (here, outer 
surfaces of the tubes 104) are heated along any or all portions 
of their perimeters or other areas to a desired temperature and 
fused together by application of a desired force and alloWing 
them to melt/ cool together. In another example embodiment, 
the tubes 104 can be fused together using a bonding tech 
nique, e. g., applying a bonding material such as an adhesive 
to one or more of the elements to be bonded and, if necessary, 
heating the bonding material to bond it to the elements. In 
some embodiments, the tubes 104 can be attached using any 
combination of heat fusion and bonding techniques. 
[0088] Any portion of each of the tubes 104 can be attached 
together, e.g., 100% of the longitudinal lengths of one or both 
tubes 104, about 90% of the longitudinal lengths of one or 
both tubes 104, etc. If less than 100% of the tubes’ longitu 
dinal lengths are attached, the resulting structure can be used 
to create a split tip catheter, e.g., by adding one or more 
additional structures. As illustrated in FIG. 20, the tubes 104 
are fused together along a portion of their lengths (equal to L2 
minus L in this embodiment), leaving a freely ?oating, unat 
tached portion (the distal tip portion 102) of length L. Alter 
natively, as further discussed beloW, the shorter tube 104!) can 
be attached to the longer tube 10411 to initially have a longi 
tudinal length as long or longer than the longer tube 10411 but 
subsequently be trimmed to provide the distal tip portion 102. 
Once the tubes 104 have desirable longitudinal lengths With 
respect to one another, a diverting structure can be attached to 
one of the tubes 104 as discussed above. 

[0089] As mentioned above, an outer sheath, e.g., a fusing 
tube, can be added to partially or entirely cover and enclose 
the tubes 104 after they have been joined together. Such an 
outer sheath can encase the tubes 104 and smoothen any 
irregularities along the attached portion of the longitudinal 
lengths of the tubes 104. The outer sheath can be any shape 
and siZe and canbe made of the same material as the tubes 104 
or other material compatible With insertion into a blood ves 
sel. The outer sheath can remain on or be removed from at 
least a portion of the catheter assembly 100. FIG. 21 illus 
trates an embodiment of the catheter assembly 100 partially 
encased by an outer sheath 132 and formed into a split tip 
catheter 134 having a split proximal portion 120. As illus 
trated in this embodiment, the outer sheath 132 terminates 
proximal to the distal ends 108 of the tubes 104 such that the 
distal tip portion 102 of the longer tube 10411 is separate from 
the shorter tube 10419. Also shoWn in FIG. 21 is the proximal 
portion 120 of the catheter assembly 100 split into the sepa 
rate lumen tips 124 that terminate With tWo access ports 136a, 
1361). 

[0090] Also illustrated in FIG. 21 are ?uid passage holes 
(also called ?uid openings) 138a, 138b, 1380 (collectively, 
the ?uid passage holes or openings 138) in ?uid communica 
tion With the pathWay 10611 of their respective tube 10411 to 
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facilitate ?uid removal (Which typically occurs through the 
shorter tube 1041)) and/or return (Which typically occurs 
through the longer tube 104a), e. g., blood removal and return 
during hemodialysis. The ?uid openings 138 can be of any 
number, shape, and siZe and can be located in a variety of 
places on any of the tubes 104, such as anyWhere on their 
sides (e.g., not at the distal end 108). The ?uid openings 138 
can be formed in one or more of the tubes 104 prior and/or 
subsequent to joining the tubes 104. FIG. 21 shoWs the ?uid 
openings 138 located on the facing surface 11011 of the longer 
tube 104a. Alternatively, or in conjunction With the ?uid 
passage holes 138, one or both of the distal ends 108 of the 
tubes 104 can be open (as shoWn in FIG. 21) to provide ?uid 
passageWays through the pathWays 106. In addition to or 
instead of an agent coating the distal tip portion 102, the distal 
?uid openings 138 can be ?lled or covered With at least one 
?uid activated agent, such as the agents described above. 

[0091] FIG. 22 shoWs a cross-section c3-c3 (see FIG. 21) of 
one embodiment of the outer sheath 132. The outer sheath 132 
can be of any thickness and can have varying inner and outer 
shapes as Well as varying inner and outer dimensions. The 
catheter assembly 100 can be constructed such that sheath 
material 132 encases the tubes 104 and no space remains 
betWeen the sheath 132 and the tubes 104. For example, the 
sheath 132 can be fused to the tubes 104 or heat-shrunk 
around them. FIG. 23 shoWs another embodiment of the 
cross-section c3-c3 shoWing individual, elliptical tubes 104 
having substantially circular cross-sectional pathWays 106 
inside the outer sheath 132. 

[0092] As mentioned above, if the shorter tube 104!) ini 
tially has a longitudinal length as long or longer than the 
longer tube 104a (Whether the tubes 104 Were attached 
together to form a catheter assembly as described above or 
manufactured as a catheter assembly including multiple tubes 
104 as discussed further beloW), the shorter tube 104!) can be 
trimmed so the distal end 10811 of the longer tube 10411 is the 
length L beyond the distal end 1081) of the shorter tube 10419. 
A tube 104 can be trimmed in a variety of Ways. In a preferred 
example, one of the tubes 1041) can be sliced (e.g., cut or 
scored) WidthWise across its circumference at a cut point 
location 140, illustrated in FIG. 24. Then the length L of the 
shorter tube 104!) can be trimmed from the catheter assembly 
100. When the length L of the shorter tube 104!) has been 
removed, a septum betWeen the shorter tube’s pathWay 10619 
and the longer tube’s pathWay 106a can thereby be at least 
partially exposed. In one embodiment according to the inven 
tion, With reference to FIG. 7, the end portion of the catheter 
assembly 100 can be truncated by splitting the assembly 
along either a center line y of the longitudinal axis or along an 
off-center longitudinal axis y‘. In certain applications, trunca 
tion along off-center line y‘ can be preferable because it pre 
serves most or all the septum, While sacri?cing part of the 
longer tube 104a (e.g., the part extending distally beyond the 
cut point 140 as shoWn in FIG. 24). 

[0093] Referring again to FIG. 8 Where the longer tube’s 
pathWay 10611 is smaller than the shorter tube’s pathWay 
106b, truncation of the end portion according the invention 
typically involves sacri?cing part of the larger, shorter tube 
10419. The catheter assembly 100 can again be split along an 
off-center longitudinal axis y‘, thereby preserving most or all 
a septum 142, sacri?cing part of the shorter tube 104!) (e.g., a 
segment 144 extending distally beyond the cut point 140). 
Following truncation, a diverting structure 112 can be 
attached to the longer tube 10411 as discussed above and as 

Aug. 20, 2009 

illustrated in FIG. 25, Where the cut point 140 is noW the distal 
end 1081) of the shorter tube 1041). FIG. 25 also illustrates an 
embodiment of the diverting structure 112 having curved but 
differently shaped proximal and distal ends 114, 116. 
[0094] In certain applications it can be preferable to sacri 
?ce the smaller tube 104!) instead. In such instances, the 
truncation line can be moved to the other side of the septum 
142. 

[0095] Dimensions of the tubes 104a and 1041) can vary 
betWeen embodiments. In this example embodiment of FIG. 
8, dimensions alloW the catheter assembly 100 to be used With 
standard hemodialysis equipment and lumen tip segments. 
Maximum Width W1 of the smaller lumen pathWay 10611 is 
about 0.06 in. and maximum Width W2 of the larger lumen 
pathWay 10619 is about 008 in. The septum 142 has a Width 
W3 of about 00210002 in., While the tubes 104 have an 
exterior Width W4 of about 0022:0003 in. Maximum height 
h1 of the smaller pathWay 10611 is about 0.14 in. and maxi 
mum height h2 of the larger pathWay 10619 is about 0.15 in. 
[0096] The cut distal end 140 of the shorter tube 104!) can 
be trimmed in a perpendicular direction or a non-perpendicu 
lar direction With respect to the longitudinal axis A of the 
shorter tube 1041). FIG. 25 shoWs the cut distal end 1081) 
trimmed in a perpendicular direction With respect to the axis 
A. Alternatively, FIG. 26 shoWs the cut distal end 1081) 
trimmed in a non-perpendicular direction With respect to the 
axis A. The non-perpendicular direction can result in any 
non-Zero angle 0 betWeen the cut distal end 1081) and the axis 
A. As shoWn in FIGS. 25 and 26, the shorter tube 104!) 
terminates proximal to the distal end 10811 of the longer tube 
104a. 

[0097] The distal portion 130 of the tubes 104 can have any 
con?guration. The distal portion 130 of the tubes 104 can be 
substantially parallel to each other and to the longitudinal axis 
A, such as illustrated in FIGS. 24 and 25 Where an angle 0' 
With respect to the axis A equals ninety degrees. Alternatively, 
as shoWn in FIGS. 27 and 28, the distal portion 130 of the 
tubes 104 can have an angled tip con?guration Where the 
distal portion 130 of the tubes 104 are substantially parallel to 
each other but at an angle 0' With respect to the longitudinal 
axis A, Where the angle 0' is less than ninety degrees. The 
angled tip con?guration can be formed before the tubes 104 
are attached together (e.g., by providing tubes 104 in an initial 
con?guration having angled distal portions) or after (e. g., by 
heating the tubes 104). 
[0098] As an alternative to providing the tubes 104 in an 
initial, unattached con?guration and attaching the tubes 104 
together, the catheter assembly 100 can be formed by provid 
ing a multi-lumen catheter body in an initial untrimmed con 
?guration and optionally trimming at least one of the catheter 
body’s lumens as described above. A ?oW diverting structure 
can then be attached to the catheter assembly 100 as described 
above. FIG. 29 shoWs an embodiment of a circular catheter 
body 150 in an initial con?guration having tWo D-shaped 
tubes 104a, 1041) With D-shaped pathWays 106a, 1061). FIG. 
30 shoWs another, elliptical catheter body 150 in an initial 
con?guration With circular tubes 104a, 1041) With circular 
pathWays 106a, 1061). Although the lumens 106 are shoWn 
having equal lengths at the distal end 130 in FIGS. 29 and 30, 
the lumens 106 in the catheter body 150 can have different 
lengths in this initial con?guration at the proximal and/or 
distal portions 120, 130. If one of the lumens 106 extends 
beyond the other at the distal portion 130 such that a ?oW 






